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A review of current experimental results on exclusive hadronic decays of bottom 
mesons to a single or double charmed final state is presented. We concentrate on 
branching fraction measurements conducted at e+e~ colliders at the T(4S') and 
at the Z° resonance. The experimental results reported are then used in tests of 
theoretical model predictions, the determination of the QCD parameters a\ and 
<I2 /ai and tests of factorization. 



1 Introduction 



In b — > c hadronic hadronic transitions the spectator processes dominate. 
Other processes, such as the exchange or annihilation channels are suppressed 
relative to the spectator processes through form-factor suppression El. Two 
classes of spectator processes are possible -internal and external spectator 
(See Fig. |l|)- each defined by the quark-color arrangement of the final state. 
In the factorization approximation three classes of spectator decays can be 
identified. In Class I or Class II decays, the quark configuration of the final 
states, neglecting final-state rescattering, is possible only if the decay proceeds 
either through the external or internal diagram respectively. A third type of 
decay, Class III, the quark configuration of the final-states can be obtained via 
both diagrams. 

In this article I will describe the latest experimental results on the following 
hadronic two-body decays of the B meson: 



Class I Class II Class III 

B o _ £>(*)+( n7r )- B° -► D^°(mr)° B~ -> £>W°(n7r)- 

B° -> D}(mr)- B~ -> D°j(mr)- 

B° -> D(*)+Z)W- B~ -> D°K- 



concentrating on the experimental techniques employed in measurements of 
branching fractions. I will also discuss some of the more important theoretical 
implications including tests of factorization and determination of the QCD 
parameters a\ and a^jax. 
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Figure 1: Tree level decay diagrams dominant in two-body hadronic decays of B mesons. 

2 Experimental Programs 

Except for the B — > J /%pK decays, measurements of hadronic decay rates of 
the B meson to charm have been performed exclusively in e + e~ experiments. 
Decay rate measurements are dominated by experiments conducted at BB 
threshold while experiments at higher energy have provide information on b 
lifetimes and on higher mass hadrons e.g., B Sl A;, not accessible to experi- 
ments at BB threshold. Recently, experiments at CERN have made contribu- 
tions to measurement of exclusive decays with a measurements from OPAL on 
B° -» D*+n- and ALEPH measurements of several B -> DD S X, DDX and 
two-body D^Ds decays. In the next section I will briefly describe the OPAL 
measurement as an example of the experimental method employed at the high 
energy e + e~ experiments. I will then concentrate on recent measurements per- 
formed at CLEO II since they are the dominant contributors to measurements 
of exclusive hadronic decays of Bd, u mesons. 

2.1 Measurement of the branching fraction of B° — > D* + tt~ at OPAL 

The large sample of Z° produced at LEP coupled with a reasonable partial 
width to bb (6%) provides a significant number of BB events to examine. Un- 
fortunately the small branching fractions to any particular B decay mode and 
the large particle multiplicities involved present difficult obstacles in exclusive 
reconstruction of hadronic B decays. Given these obstacles OPAL has a new 
measurement of B° — > D* + ir~ with their sample of 1.2 x 10 6 hadronic Z° 



decays. 
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Figure 2: The invariant mass distribution of fully reconstructed mesons at OPAL. The 
dashed curve is the fit to data. It is a sum of two Gaussians plus a straight line. The first 
Gaussian represents the signal the other the feed-down from the B° — > D*+p — decays. The 
straight line models the combinatoric background. 

The analysisi features a full reconstruction of the decay chain: i 

B q ^D*+tt-- D*+^D a ir + ; D°^K-tt+ 

where charged tracks are combined to form candidate particles. Each track 
in the event is identified as either a kaon or pion depending primarily on its 
energy loss in the jet chamber. Additional requirements on track transverse 
momentum and impact parameter are imposed. The invariant mass of the 
K~ir + combination is required to be within 90 MeV of the nominal D° mass 
and the mass difference between the K~ir + and (K~tt + )it + combination is 
required to be within 2 MeV/c 2 of the known mass difference. The D° and 
D* + candidates are formed separately for each jet and are then combined 
with other tracks in the jet to form a Bd candidate. To reduce combinatorial 
backgrounds, a decay angle cut is imposed on the D° candidates and a helicity 
angle cut is imposed on the angular distribution of the decay products of the 
D*+. 

The hard fragmentation of the b quark and its long lifetime are also ex- 
ploited to reduce combinatorial background. The momentum of the Bd candi- 
date is required to exceed 70% of the beam energy and the Bd and D° decay 
vertices are required to be in the hemisphere centered around the Bd momen- 
tum vector. 

"Charge-conjugate states are implied throughout this article 
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After application of the selection criteria, 11 events are observed in the 
mass region between 4.5 and 6.0 GeV/c 2 , see Fig. 2. To determine the event 
yield the tub distribution is fit to two-Gaussians plus a straight line. The 
second Gaussian takes into account the feed-down from B° — > D* + p~ decays 
which have been miss-reconstructed as a B° — > D* + ir~ . This background peaks 
below the Bd mass and is fixed in the fit to the value determined in a Monte 
Carlo simulation. Monte Carlo data is also used to determine the widths of 
both Gaussians. The fit yields 8.1 ± 2.9 events for the B° — » D* + ir~ and 
2.9 ± 1.9 for the B° -> D*+ p~ mode at a mass of 5.279 ± 0.023 GeV/c 2 . The 
branching fraction is estimated to be: 

Br(B° -» D* + tT) = (1.0 ± 0.4 ± 0.1)% 

The Standard Model value for r^/Thac! = 0.217 and the Bd production fraction 
(/s d = 0.38) are usedu. This value is consistent .with previous CLEO and 
ARGUS results Q and with current CLEO II results!. 

3 Measurements at BB Threshold 

The large luminosity and clean environment typical at e + e~ machines running 
at the BB threshold provide very large samples of BB events. For example, 
at CLEO the numbers of BB events collected from 1994 through 1996 was 
3.1 x 10 6 while ARGUS whose physics runs ended in 1993, collected about 
330,000 BB pairs. 

The event topology at BB threshold is somewhat different than at a ma- 
chine running on the Z° resonance. In particular, two characteristics differ- 
entiate the reconstruction technique from that employed in the higher energy 
environment. First, significantly larger backgrounds are encountered from con- 
tinuum processes. At BB threshold 3/4 of the total hadronic cross-section is 
from continuum events. Fortunately, this background is well behaved and can 
be accurately modeled by data taken below BB threshold; nevertheless, tech- 
niques must be employed to reduce the contribution from these backgrounds. 
Secondly, the fact that the B mesons are produced nearly at rest is exploited 
to improve signal identification. Signal extraction is improved by replacing 
the energy of the reconstructed B meson with the energy of the beam which 
is typically known better by an order of magnitude than the reconstructed 
energy. 

In the following sections I will discuss new results from CLEO using the 
complete CLEO II data sample which consists of 3.1/6 -1 taken at the T(4S). A 
smaller sample of 1.4/6 -1 taken just below the T(45) is also used to model the 
continuum background. These results have either been reported at conferences 



4 



> 
s 



500 - 




P 200 



5.2 5.22 5.25 5.27 5.3 
Beam-constrained mass (GeV) 



B — >D 71 
D"p + 
D a| 
D*V 
D-p + 
D* at 



100 - 



5.2 5.22 5.25 5.27 5.3 
Beam-constrained mass (GeV) 



Figure 3: The continuum-subtracted beam-constrained mass distributions for twelve B — > 
D^nn modes. The hatched histograms shows the BB background spectrum, the open 
histograms is fit to data by the sum of a Gaussian of plus the BB background distribution 
determined from Monte Carlo simulations. The data are the black squares with error bars. 



or have been recently published. All of the B branching fractions presented 
in Tables and || have been rescaled to the D°, D + ,D* + and D* a branching 
fractions used in Ref. [8]. The branching fractions used are taken from 
Rcf. [9]. 

3.1 Full Reconstruction of B — > D^*\mr) decays at CLEO 

CLEO has recently updated their branching fraction measurements of 22 decay 
modes of the Bd lU mesons. These have been released as conference reportsUii3. 
The analyses described here utilize the full reconstruction technique, similar 
to the method described in the previous section but optimized to exploit the 
kinematic properties unique to BB production from the decay of the T(4S I ) . 
Once again the goal is to maximize the number of B mesons by combining a 
selection of charged and neutral tracks into particle candidates which in turn 
are combined to reconstruct the B meson decay chain. The charmed candidates 
are formed from a selected sample of charged tracks and 7r° in the following 
decay modes: 

D*° -> D°Tr° D*+ Z?°7T+ 

D° -> K-TT+, K~ir+ir°, K-tt+it-it + D+ -> !f-7r+7r+. 

Invariant mass cuts are applied to the D° and D~ candidates and the D* , D° 
mass difference is used to select D* + and D*° candidates. 

To reduce continuum background two quantities are used. The global 
event topology is exploited by cutting on the ratio of the 2 nd to I s * Fox- 
Wolfram moment, selecting events above 0.5. Second, the sphericity angle Of 
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Table 1: Branching Fractions for B — + D(*)(n7r) Decay Modes) 





Class I Decays 




Class III Decays 


Mode 


Br (%) 


Mode 


Br (%) 


D+tt- 


n 0.25 ±0.02 ±0.03 


D"ir- 


n 0.47 ±0.03 ±0.04 


D*+ir- 


M 0.27 ±0.01 ±0.02 


D* a ir- 


JB 0.40 ± 0.03 ± 0.04 


D+p- 


ijL 0.79 ±0.07 ±0.12 


D°p~ 


il 0.92 ±0.08 ±0.08 


D*+p- 


M 0.73 ±0.06 ±0.08 


D*°p- 


Ji3 1.28 ±0.13 ±0.14 


D+a^ 


ii 0.83 ±0.09 ±0.14 


D°ar 


iL 0.89 ±0.10 ±0.11 


D*+al 


13 1.16 ±0.12 ±0.16 


D*% 


13 1.60 ±0.25 ±0.24 








0.12 ±0.02 ±0.03 






£>|V 


0.21 ±0.08 ±0.03 






Z} ^ 


< 0.044 



is used. It too exploits the difference between the event topology of continuum 
and BB events. The sphericity angle is defined as the angle between the 
sphericity axis for tracks which form the B candidate and the sphericity axis 
for the remaining tracks in the event. For real B events this angle is isotropic 
thus the | cos #/| quantity is distributed uniformly from to 1. For continuum 
events this quantity populates the region near 1.0. By selecting candidates 
with | cos 6f | < 0.8 a considerable portion of the continuum background is 
rejected while losing only 20% of the signal. 

To reduce contamination from other BB decays the quantity AE - defined 
as the difference between the reconstructed energy and the beam energy - is 
required to lie within ±2.5cta_e from 0.0. Since ctab is less than a pion mass, 
- 15 to 45 MeV/c 2 - this cut is very effective in reducing the background 
contribution from misreconstructed B decays which differ by one or more pions. 

The number of fully reconstructed B in each mode is determined by fitting 
the beam-constrained mass to a single Gaussian plus a background shape. The 
beam-constrained mass variable is defined as the usual invariant mass but with 
the energy of the B replace by the beam energy. The beam-constrained mass 
distributions for 12 decay modes, separated into B° and B~ modes, are shown 
in Fig. 3. These decay modes are color-allowed, that is, they can proceed by 
the external spectator diagram. The measured branching fractions are listed 
in Table |. 

CLEO II has also searched for color-suppressed decays to a single charmed 
meson, B° — > D^*'°X°. So far no clear signal has been observed. The analysis 
presented in Ref. [10] uses the full reconstruction technique but the signal 
extraction is done using the AE variable instead of the beam-constrained mass 







Table 2: Limits on Branching Fractions for B° — » D^°(nn)° Decay Modes) 



Class II Deca; 
Mode Br (%) 


ys @ 90% C.L. 
Mode Br (%) 


D°ir° < 0.01 
D f] < 0.01 
D°if < 0.10 
D°p° < 0.04 
D°lo < 0.05 


D* u tt u < 0.04 
D*°t? < 0.02 
D*V < 0.16 
D*°p° < 0.06 
D*°uj < 0.08 



technique. The 90% C.L. upper limits are listed in Table ||. They are updated 
results obtained with the complete CLEO II data sample and replace previous 
CLEO II numbers. 

3.2 Partial Reconstruction of B — > D^n^ decays at CLEO 

CLEO II has recently measured the B° — > D* + ir~ and_B~ — > D*°7r~ branch- 
ing fraction using the partial reconstruction technique II-J. In this method the 
kinematics of BB production at the T(45) are exploited to fully reconstruct 
the decay using only the 4-momentum of the fast pion (jrf) from the decay 
of the B meson and the slow pion (ir s ) from the D* decay. The advantage 
of this method lies in the large increase in statistical power since the explicit 
reconstruction of the D meson is no longer needed. The trade-off comes in the 
larger backgrounds and hence greater difficulty in signal extraction. 

The two pion 4-momenta together with inputs of the known masses, the 
D, D* and B meson masses, and requiring that the energy of the B be equal 
to the beam energy provide sufficient constraints to solve for the unknown D* 
and D° momentum. Also, energy-momentum conservation in the decay of the 
B meson restricts the D* momentum vector to lie in a cone around the 717. 
Similarly, for the D* decay, the D* momentum vector must lie in a cone around 
the 7r s . For the two pions to be consistent with B — > D*ir decay the cones must 
overlap. This condition is required as part of the event selection criteria. 

Signal extraction in this analysis is performed by inspecting the distribu- 
tions of the cos(8£>*) and cos(0b) where Qfj* is defined as the angle between 
the tt s and the direction of D* in the D* rest frame. Similarly Qg is the angle 
between the 77/ and direction of the B in the B rest frame. Since the B meson 
is a pseudo-scalar its decay is isotropic. We thus expect the cos(0s) distri- 
bution to be flat for signal. Since the D* is longitudinally polarized along its 
direction of travel when measured from its rest frame we expect the cos(0d») 
distribution to be distributed as cos 2 0_d» in signal. 
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Figure 4: Projections of 2-D fit to data for the variables cos(©s) and cos(0g). The two 
figures on the left represent B° — > D*+7r _ decays the two on the right are for B~ — ► 
D*°7r~ decays. The population of events in the non-physical region |cos(0)| > 1.0 is from 
mismeasured track combinations. 



Figure 4 shows projections of a 2-dimensional x 2 fit to the data. The fitting 
function consists of shapes for signal, continuum and BB background. The 
signal and BB background components were determined from Monte Carlo 
simulations while the continuum shape was modeled by off-resonance data. 
The overall normalization of the BB background component is allowed to 
vary in the fit while the continuum component is fixed. The fitting function 
used in the 7rJ tt° fit contains an additional component to accommodate the 
contribution of the B° — > D* + ir~ decay where the D* + decays to D + ir°. This 
is fixed by the B° — > D* + n~ branching fraction determined in the ttJtt^ fit. 
The measured branching fractions are: 

B(B° -> D*+tt-) = (2.81 ±0.11 ±0.21± 0.05) x 1CT 3 
B(B~ -> D*°ir ) = (4.34 ± 0.33 ± 0.34 ± 0.18) x f0" 3 

where the first error is statistical the second is systematic and the third is due 
to the uncertainty in the D* branching fractions. These results are in excellent 
agreement with the results obtained by the full reconstruction technique. 

3.3 B — > D°j(nir)- decays 

The full and partial reconstruction techniques have been used by both CLEO 
and ARGUS to reconstruct decays of the B meson to excited L = 1 charmed 
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Figure 5: Projections of 2-D fit to data for the variables cos 63 and m D * + w - . The two 
figures on the left show the m D ,+ Ir - in different regions of the cos $3. The figures on the 
right show the projection of cos (S3) in different regions of m^.+j- . The data are the points 
with error bars. 



mesons. Published results exist only for the B ^ £'i(2420)7r mode. For the 
B~ — > D°jp~ mode upper limits from CLEO II Il3 are available for the B~ — > 
D%(2460)°p- and B~> £>i(2420) ( V decays and from ARGUS a measurement 
of the sum over all Dj has been reported 0. 

There are four excited states Dj ' mesons with in a L = 1 orbital angular 
momentum state. Two, the £>2(2460) and the D\ (2.420) are narrow resonances 
which have been seen and their decays measured 0. Angular momentum and 
parity conservation place restrictions on the strong decay of these states. The 
£)|(2460) can decay via D-wave to either Dn or D*tt while the £>i(2420) can 
decay to D*tt via S-wave or D-wave. 

Recently, CLEQ II has reported new measurements on the _Di(2420)°7r~ 
and I?2(2460) 7r~ 113 using a partial reco nstr uction technique. The analysis 
follows the procedure outlined in Section 3.2. Once again the reconstruction 
of the decay depends on knowing the masses of the decay products, the beam- 
energy and the 4-momenta of the three pions, 7ri,7r2, Tt3 produced in the decay 
chain B — > D°jiri, D® —> Z3* + 7r 2 " and D* — > D + n^. In this analysis the mass of 
the D* + 7r~ combination and the helicity angular distribution cosf?3 are used 
to identify the signal. The variable 6*3 is defined as the angle between the D° 
and the direction of the D* in the D* rest frame and describes the helicity 
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Table 3: Branching Fractions for B — > D(*'_Dj + Decay Modes! 



Mode Br (%) 


Mode Br (%) 


D+D~ 0.87 ±0.24 ±0.22 
D+D*- 1.00 ±0.35 ±0.25 
D*+D- 0.87 ±0.22 ±0.18 
D*+D*~ 1.91 ±0.47 ±0.41 


D U D~ 1.18 ±0.21 ±0.27 
D°D*- 0.82 ±0.25 ±0.19 
D*°DJ 1.32 ±0.40 ±0.37 
D*°D*~ 2.91 ±0.83 ±0.70 



angular distribution of the D* in the decay chain Dj — > D*Tt2,D* — > Dir^. 
From angular momentum conservation in B — > Z?2(2460)7r we expect that the 
cos 63 distribution to be proportional to sin 2 O3 while in R. — > Di(2420)7r we 
expect the distribution to be proportional to 1 + 3 cos 2 ^liH. 

Figure 5 shows the projections of 2-dimensional unbinned likelihood fits 
to the data. The two figures on the left show the projection onto the m^.+jr- 
axis in different regions of cos #3 where either the £>i(2420) or the I?2(2460) 
are expected to dominate. The long flat tails in the signal shape result from 
combinations where a random track has faked a real ~ki . The two plots on the 
right show the projection of fit on the cos #3 distribution. Here too, the regions 
where either the Di(2420) or 1)2(2460) are expected to dominate are separated 
by rn,D*+n- cuts. The signal and BB background shapes were determined from 
Monte Carlo simulations. The continuum component was modeled in real data 
taken below the T(45) peak. The measured product branching fraction are: 

B(B- -> D?tt-) x S(D? -> D*+n-) = (7.8 ± 1.6 ± 1.0 ±0.2) x 10~ 4 
B(B- -> Dfir-) x B(Df -> D*+ir-) = (4.2 ± 1.6 ± 0.6 ± 0.1) x 10" 4 

The branching fraction for the individual B decays are listed in Table [l] where 
the authors have used isospin. conservation and the measured branching frac- 
tion of Z?2(2460)° — » M to deduce the following Dj decay rates 

23r(Z?i(2420)° -> D* + vr") = 2/3 and Br(L>;(2460) -> D*+7r") = 0.20 

The authors have neglected multi-pion decays to obtain these branching frac- 
tions. 

34 B -> D^D^ decays 

Another important class of two-body decays are the decays to two charmed 
mesons. The Cabbibo allowed process produces either a D* + or a Df and 
can proceed only via the external spectator diagram. The large mass of the 
D ( *'D S system implies a lower momentum transfer and hence provides a 
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means by which to probe a different q 2 region than is possible with D^ + (mr) 
decays. Measurements of B — > D s D [ *> rates together with measurements 
on the B _=-> D* + ir~ , p~ rates allow the extraction of the Jd s and /d* decay 
constantsLH. nn 

Both CLEO and Argus Em have measured B decays to Cabbibo allowed 
double charm final states. The CLEO II analysis reconstructs all eight decay 
modes exclusively using several the three D°, one D + and several D s sub- 
channel decays. Only a subset consisting of 2.04/£>~ 1 of the complete CLEO II 
on resonance data were used for this analysis. The values listed in Table || arc 
the published CLEO II values rescaled by the D and D* branching fractions 
in Ref. [8]. 

3.5 B~ -> D°K- decays 

A search for the Cabbibo suppressed decay to D°K~ has been performed by 
CLEO II EE Interference between the b — > cus and b — > ucs decay, which 
hadronize as B~ — > D°K~ and £>~ — > D°K~ respectively can be used to 
determine the CKM phase (7) 0. 

The analysis procedure features a full reconstruction technique but AE 
is used extract the event yield. For this analysis particle ID is significantly 
more important because of the large background from the Cabbibo allowed 
B~ — > D°7r~ process. At CLEO, the current particle ID system cannot distin- 
guish with great certainty pions from kaons at high momentum. For example 
Ktt separation at 2.2 GeV/c is less than 2a where a is the difference between 
the expected and measured energy loss dE/dx due to specific ionization in the 
drift chamber. Fig. 6 shows the AE distribution for the B~ — > D°K~ with 
D° — > _ftT~7r + , X~7T + 7r°, K~7r + 7r~7r + combinations consistent with B produc- 
tion. The large background from misidentified B~ — » D°7r~ is seen to over- 
whelm the signal. The limit reported is 

Br(B- -> D°K~) < 4.4 x 1(T 4 @ 90% C.L. 



4 Test of Factorization 

Theoretical modclsLm of hadronic decays of heavy mesons invoke the fac- 
torization approximation to make definite predictions on decay rates to ex- 
clusive modes. Factorization is used in order to reduce the hadronic matrix 
elements to products of factorized matrix elements with one describing the 
creation of a hadron from the vacuum and the other describing the transition 

6 This topic is discussed in greater detail in an article by D. Atwood in these proceedings. 
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Figure 6: The distribution of the reconstructed energy minus the beam-energy for candidates 
the satisfy the full reconstruction selection algorithm. The data are the points, the solid 
hatched histogram is the signal the dashed histogram is assumed background, taken from 
the mass sidebands and the fit is shown by the open histogram. From left to right the 
D° — » K~ pi + , K~ 7r+7r° and K~ 37r modes. 

of the B meson. The factorized B —> D transition matrix element is equivalent 
to the matrix element encountered in semi-leptonic decays while the matrix 
element describing the creation of a_meson from the vacuum is parameterized 
by the decay constant of the mesonEl. 

Some theoretical motivation exists, at least for decays with large energy re- 
lease, for the factorization hypothesis. These are based on "color transparency 
arguments" which postulate that a qq pair created in a point-like interaction 
will hadronize only after a time given by its 7 factor times a typical hadroniza- 
tion scale u. Thus in an energetic transition the hadronization of a light qq 
pair which travels together in the same direction will not occur until it is a 
significant distance from the interaction region El While this scenario describes 
decays such as B — » D^(mr)^ where mr is a light meson it does not apply 
to B — » D^Ds decays where the 7 factors are smaller. It remains to be 
seen if the factorization hypothesis holds for decays that occur at lower energy 
transfers. 

4-1 Branching Fraction Tests 

To test the factorization approximation we exploit the similarity between 
hadronic two-body decays and semi-leptonic decays. In semi-leptonic decays 
factorization is strictly obeyed since the leptonic current does not interact with 
the hadronic part. By taking the ratio of a hadronic decay rate to its semi- 
leptonic counterpart we can compare the experimental ratio to the theoretical 
expectation and thus performing a direct test of the factorization hypothesise!. 
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Table 4: Test of Factorization: Comparison of R e x P to -Rtheo 



q 2 


i?cx P (GeV^) 


R thco (GcV z ) 


mi 


1.13 ±0.04 ±0.14 


1.09 ±0.07 


m 2 


2.94 ±0.24 ±0.48 


2.68 ±0.20 


"& 


3.45 ±0.36 ±0.59 


3.19 ±0.33 


m D a 


1.81 ±0.45 ±0.40 


3.50(/D s /240MeV) 


m 2 D , 


3.76 ±0.93 ±0.84 


3.21(/ DJ /275MeV) 



If Factorization holds then 

* Tl*+h-\ 



Br\ I! ' -► /)• // : , ... ., 

lm ^— — — -!— = 6n 2 f h \ ai \ 2 \V l3 \ 2 - 



^(B ^ D*lu e )\ q2=< 

is satisfied. The branching fraction measurements listed in Table [l] together 
and measurements of the semi-leptonic rate at the appropriate q 2 are used. 
The value of the QCD parameter <n is taken to have the strict factorization 
value a\ — ci(fi) + ^-C2(/x) = 1.04, where ci(fi) and C2(//) are the Wilson coef- 
ficients calculated at (J, piWfc and 1/N C — 1/3 u. The semi-leptonic branching 
fraction is interpolated cJ from a fit to the differential branching fraction at 
the appropriate q 2 . The Xh is a kinematic factor which depends on the masses 
of the hadrons and relevant form factors and is close to 1.0. Table ^ shows a 
comparison between the experimental and the theoretical ratios for different 
regions of q 2 . The agreement between data and theory is quite good in the 
low q 2 region suggesting that factorization works, at least for energetic Class 
I decays. 



5 The Relative Sign and Amplitude of a\ and 02 

Theoretical models based on the BSffi. approach relegate all short-distance 
QCD effects into QCD parameters □Qu. In two-body tree-level decays, two 
parameters, a\ and ai multiply the dominant spectator contribution from the 
external and internal diagrams, respectively. They provide important clues 
into the role played by the strong interaction. For instance, the absolute value 
of the QCD parameters are sensitive to the factorization scale and additional 
long-distance contribution El. The latter being particularly true for the ai since 
it involves the difference between two small numbers. Also, the relative sign of 
a\ and C12 identifies the kind of interference between the internal and external 
spectator diagrams. 
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To determine the values of a\ and 02/01 we use the branching fraction 
measurements in Table [l] and || together., with the theoretical predictions from 
the Neubert et al. model calculations lu Since the QCD parameters are ex- 
pected to be process independent El, at least for decays that occur at similar 
momentum scales, we perform a least squares to four of the D^*'{rm) decays, 
and a separate fit to the D^Dg decays. The results are: 

\ai\onn = 1.03 ±0.02 ±0.04 ±0.05 
\ai \ D D, = 1.01 ±0.05 ±0.12 ±0.05 

where the first error is statistical, the second is the systematic error I and 
the third is the error due to the uncertainty in the B lifetime/production 
ratioll3. Consistent results are obtained using the Deandrea et al. model and 
the Nuebert and Stech "New Model" in Ref. [1]. No process dependency is 
observed in the data. 

To determine the value and the relative sign 02/01 we form ratios of Class 
III to Class I branching fractions; again using the Neubert et al. model calcu- 
lations to extract the value from a least squares fit to data. The value obtained 
from the fit was: 

— = +0.21 ± 0.03 ± 0.03Toi2 
a\ 

The lifetime-production fraction is taken to be 1.0 in both_the fit to ai and 
02/01. This is consistent with the CLEO II measurement t3 ^t T+ — 1.14 ± 
0.14 ±0.13. 

The positive sign for 02/01 suggests that the internal and external decay 
amplitudes interfere constructively. This is in contrast to the situation in D 
decay where a negative sign implies destructive interference. The destructive 
interference in D decays is responsible for the longer lifetime of the charged 
D mesons which can proceed only through the external diagram. The positive 
sign of 02/01 seems to suggest a shorter lifetime for the charged B which is not 
observed in data. One possible explanation for this may be that constructive 
interference is only found in low multiplicity B decays which constitute a small 
fraction of the total hadronic width. It remains to be seen if this pattern 
persists for other B decays. 

6 Conclusions 

Significant improvements in the precision of branching fraction measurements 
of exclusive hadronic B decays have been made in the recent past. This is 

c The first systematic error of the 1 0.1 1 z?Z3 s is computed assuming all systematic errors except 
the error from the Br(D~^ — » </>7r+), are independent in the fit. This error is a common 
systematic and is thus added in quadrature. 
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primarily due to the ever increasing statistics, particularly at BB threshold 
machines, and improvements in the analysis procedure. From these precise 
measurement we are now able to more accurately test theoretical predictions 
based on factorization. We showed in Table || a comparison between the ex- 
perimental results and theoretical predictions based on factorization. We find 
that in energetic Class I transition the factorization hypothesis seems to be 
well supported by the data. It remains to be seen if factorization holds in 
the higher q 2 region and of the color-suppressed D^ nn decays. So far none 
of these color-suppressed decays have been observed. Also, the QCD param- 
eters a\ and the aija\ have been determined by fitting the data to model 
calculations. In Class III the relative sign of a^/dx was found to be positive 
indicating that the interference between internal and external decays diagrams 
is constructive. This fact provides additional insight into differences between 
the D and B decays which occur at different factorization scales. 
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